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Differences of Fall Risk in Older Adults Crossing Obstacles at
Different Heights with the Dominant or Non-Dominant Leg

YANG Chen'?, SUN Wei', CHEN Yan'
(1. College of Sports and Health, Shandong Sport University, Ji’ nan 250102, China; 2. College of Sports
Science, Qufu Normal University, Qufu 273100, Shandong, China)

Abstract: Objective To study the fall risk of older adults stepping over obstacles of different heights with their
dominant or non-dominant legs and provide references for developing fall prevention measures for the elderly
during obstacle-crossing. Methods Sixteen older adults randomly stepped over obstacles at 15% , 30% , and
45% of their leg heights with their dominant and non-dominant legs. A three-dimensional (3D) motion capture
system and 3D force platform were used to record kinematic and kinetic data. Results When older adults used
their non-dominant leg to step over obstacles, the dynamic stability in the anterior-posterior direction of the trailing
leg at 30% of leg length height was significantly lower than that at 15% of leg length height ( P<0.05, Cohen’s
d=0.628) ; the vertical toe clearance of the trailing leg was significantly smaller than that of the dominant leg
(P=0.041, Cohen’s d=0.516), and the vertical toe clearance ( P<0.001, Cohen’s d=0.685) and anterior-
posterior toe clearance ( P=0.043, Cohen’s d=0.616) of the leading leg were significantly greater than those of
the dominant leg. Conclusions Compared to stepping over obstacles with the dominant leg, older adults have a
greater risk of falling in the anterior-posterior direction before obstacles when using the non-dominant leg. There is
also a greater risk of the trailing leg tripping over obstacles of different heights.
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Fig.1 Placement of the reflective markers and obstacles (a) Reflective markers, (b) Obstacles



B R,% ZEANERRBRSAABERE AR S ERERS R BE R ZE S
YANG Chen, et al. Differences of Fall Risk in Older Adults Crossing Obstacles at Different Heights with
the Dominant or Non-Dominant Leg 941

BRI AR S, Z R H NI B R 15 m B E
MR B EEA 3 R, 4B K e
15% .30% 1 45% , &5 i = B2 09 A B 0T Bl BIL
ERMEET,ZHEUARE ST EZK
10 W55, v f 3 BR 5 B 5 U IR P A A i
SR, SERUERE 6 min PEAT T — > 5 BE G5
20 B4R R B — 50 7 B P B R B A 2R
) 2 S Sy 5 R R SR SR TR R
e Sk JE R SRR BB ER B 1 S & i)
PR 5 R A BRE 2 5 ) 5 i R R
TR KR UL SR e OO R R, WD & S 1E
T R GE 2 (B3 2oL (R 25 48 A i, 9050 = 1 Ak b
RUEE N X H AT 7 LY R 2 A )
Z Wk B Irm,
1.2.2 #XmARTF KA S ENEIE R A
Visual 3D ( C-Motion 28], 2 [H) | bric e 14F 5,
T, 0 R fid M E 2200 T, Shy i R ot B 220 T oAy i R
BRI T, o e R R i s 2 T~ T, s X
MBS R WE 2(a) ], R 4 B
10 Hz fBGE S A5 08 0 Hede, T80 2 Bk I Bt
SIS R DA KOG D3 B AR AT

JE b T B R S R Bk R 4R s TS
JHE ik b A R T a5 o i 22 ) P8 S F o BB S T
TR T T JE b DR i R R AR AR R A A
fig =2 8] {9 foe K 3 BT 7 1) B B 5 A R A S R Bk A
Bt AR A At D R AR T R 22 ] £
G 7 1) B 3 5 I M e A S [ R, 5 B i [l
Jei TR At IR B T A 45 e A 22 i) 1 o K 3 L 1) B
HLWWE 2(b) ],

SN RRE . o0 4 T DAl 5 e 1 B B AR R e
VB ARBFGE T RIBE 5 BRSSPI RS A
I BASRREE, TR R,

w0, = /21 (1
CM = Dcom + vcom/wo (2>
Mos =B,,, — CM (3)

K : w, — BB 7 BB p B AR ¢ N
FIIMBEEFE, g =9. 815 1 A AMF0 -5 M1 iy 3
FLFEEY ; CM 2% JE A T f O &, RIS
Jty; D, HBCLZS RN E v, AL ; Mos
NENSTEIE B, N ST AR s R, EAS A
FEH A SO O A AL R RS T, 1S O m sl

(@) IERF

é'i ApEE

BRRTL

' “Q,
BMEE f

| AL R |
LA ] -

(b JERLAIRR

B2 sERHSRAEREEX

Fig.2 Definition of gait cycle and toe clearance

(a) Gait cycle, (b) Toe clearance

FRJE T 1507 B A 5 et XAl AR AR 0 25 50
X WA ARSR AT ZE A 07 [ shASTREE 15
PR L Y Rl AR BRI 25 B0 Y il AR B R AT AT
JE BT[] B E O A A Y DR U S 4l 2 45

P
H o

ORI Bl 1 A A A 2 L 3 PR S i
5 BROCTY TR SR T A3 B L DG
LB NI TS SN R E N
1.2.3 &gtk fiiH SPSS 26.0(IBM 4 F,
FEH) , >R A Shapiro-Wilk #5561 Levene K 55 % %5
B 0 IE PRy 22 550 W R AR AT & IE Ao A
FJ5 22550, R T PR3 o 52 00 5 )y 22 43, P 3
RS BRAT E RE  HR E, Y38 HALVAFTE Y,
HE4T Bonferroni £ 1F {9 25 J5 I G HL 38, 24 38 B0,
AAFAERS ety R0 . 0 fE L m) Fl Cohen” s d
FR, WIRBIEATE A LS00 oy 22554, R H
ESHHGL . Bl (BB R ) Ron . BEE
7K P<0.05,

XA SEHAT G B G T IR oM, e )5 BB R
ST M B AR (N g = 0.122), R
G Power 3. 19 (fl[&] # ZE/- 7 22 R K5 84k HEA
it 16, 45550 2, MR ECh 3, 1HE R I 55



EREMAE $£39% FS5H 20245108
942 Journal of Medical Biomechanics, Vol.39 No. 5, Oct. 2024

TR 0. 88, 1 & [ 2R BF G 1T ALK T 0. 80
BRI

2 MARLER

2.1 RREEESGITER

e 2R 55 75 0 A 75 B ) R S B ] R
(F=2.626,P=0.077,7.=0.047) Til = E & Ak ]
Bi(F=1.022,P=0.363,n.=0.015) iR 5 LA
R (F=1.320,P=0.271,m;=0.020) J5 83 A &
BEIRIBR (F=2.642,P=0.075,7n° =0.040) (Y28 5%
IVENTE N

PR 5 15 % 5 iR o 52 BETE] B (P = 0. 041,
Cohen’ s d=0.329) 7iij B8 3 £ A2 BEIA] B2 ( P<0. 001,
Cohen’s d=0.766) | FiE A& 2 BRI (P=0. 043,
Cohen’ s d=0.229) [ RN 2 3, B0 F R 5 il
B e T A B ) R 30 2 /N TP S R 0 A iy
T L S () B AR A B ) R T O S
F1 BHREHELERSET SR

Tab.1 Statistical results of toe clearance during obstacle crossing

PR, DR FRR 575 X e R A S A B R B Y 3R R
AR (P=0.156,Cohen’ s d=0.337) ,

e i i 3% I TR T S A Bk R B (F= 3. 268, P =
0.042,7m;=0.058) i B & 2 Bk B (F = 6. 320,
P<0.001, n’=0.268) , il i fif 5 A& B 8] B ( F =
5.959,P=0.003,n’ = 0.084) | J& i 3 15 & B i)
(F=2.288,P=0.045,7>=0.035) (i) =300 b %, 15
i 45% R 1 B (A B, S5 IR A S R Bk TR BR (P<
0.001,Cohen’ s d=0.332) i} & K Tk 15% i K
o R TR R AR R) B DN T R 30% (P<
0.001,Cohen’ s d=0.171) 5 15% B K & & (P<
0.001,Cohen’ s d=0.264) , Aif R A 5 /2 ik (8] B &5 2%
/NT 5 30% (P =0.047, Cohen’ s d=0.231) 5
15% B = B (P=0. 003, Cohen’ s d=0.464) , J5
HJE 2 Bk ) B & 2 /N T 85 8 30% (P = 0.049,
Cohen’s d =0.431) 5 15% i€+ & & (P = 0. 036,
Cohen’s d=0.382) ,WL3& 1,

o AR Lyl
15% FE 30% Bl K 45% B 15% fii K 30% i K 45% SR
Je BR AT 2 BB/ cm 28.36+6. 18 27.93+5.28 30. 13+8.22 27.55+6. 31 30.25+7.22 31.30+7. 09
T JOE T A Bk 1) B/ em 24.28+7.33 24.05+4. 36 22.19+5. 66 23.14£6. 03 22.58+4. 69 18.27+5. 64
AR A A2 B [RT B em 43.08+7. 56 42.01+7.37 41.69+6. 52 41.22+5.02 40. 68+6. 34 38.53+4.28
Jii TR Ak [ B/ em 24.08+6. 39 23.78+6. 88 23.64+5.27 26.39+8. 64 25. 64+6. 02 23.17+4.58

2.2 HBBREXRITER

D AR 5 5 R A e B T S R AT S 5 1) B
BFaE(F=4.950,P=0.009,7>=0.122) 58
AN b (R AR L R B R 309% R R R
() B g s, J5 R AT S 7 1) o SRR R W E N T
W o15% MR K &= (P =0.011, Cohen’s d =
F2 BHBERHSEESITEER

Tab.2 Statistical results of dynamic stability margin during obstacle crossing

0.628) , RFBE 5 & Fl s 15 & B X 5 BB 22 £
Jr s A FE (F=0.133,P=0.947, 9] =
0.001) i BB /i J5 75 ] 2 A F2BE (F=1.453,
P=0.238,7.=0.024) i bR Z 47 J5 ) ) 25 F
JE(F=0.947,P=0.610,7.=0.008) (35 H.%(
MARE(NE2),

sobr ez i
15% R+ 30% Hit 45% fi4< 15% R4 30% it 45% iR
Jii BB S P I 5 7 1)/ em 29.12+4. 53 26.93+4. 89 28.36x7. 11 29.74+4.55 29.58+4.91 27.57+6.99
Jei BB S P A2 A5 7 1)/ em 3.75+1.30 3.91+1.31 4.58+1.72 7.22+2.82 7.06+2. 70 7.03+2. 36
T RS A S5 7 17/ em 35.47+3.23 34.78+2.97 34.08+5.72 35.35+3.37 34.45+3.53 32.95+7. 08
iR B S P 22 A D5 )/ em 7.77+2.05 8.90+2.93 7.97+3.03 5.43+2.56 6.05+2. 63 5.64+2.09

2.3 XTENEESITER
I AR 5 75 R o i v B 6 i R ( =10, 817,
P<0.001,7 =0.128) f (F=17.347,P<0.001,

n.=0.315) BR(F=8.045,P<0.001,n’ =0.098) %
W55 B I B 32 BRSO 3, R AR DG R 1
30% JRK 155 BE 4 B AR IRE ) I (P = 0. 002, Cohen’ s d =



B R,% ZEANERRBRSAABERE AR S ERERS R BE R ZE S
YANG Chen, et al. Differences of Fall Risk in Older Adults Crossing Obstacles at Different Heights with
the Dominant or Non-Dominant Leg 943

0.405) (P =0.022,Cohen’ s d=0.364) i (P<
0.001,Cohen’ s d=0.583) &1 iG sh L H B % KT
15% J K v B B i 45% BB R A B A A
(P=0.001, Cohen’ s d = 0.510) . #i (P = 0.029,
Cohen’ s d =0.416) (B ( P<0.001, Cohen’ s d =
0. 547) &5 16 Sl g 3 K F 30% Bl & 3 5 R H
PSR 5 309 iR =5 B A B A B, B (P =0..005,
Cohen’ s d =0.626) i (P<0.001, Cohen’ s d=
0.375) B (P<0.001,Cohen’s d=0.429) 5% 5l
TR KT 159% BRAC = 1, 5 45% MR = B2 1)
PRERGHT 5 30% R BECR 22 5%, DL F R 5 A A
B A 0 B X I BRI (F = 1,089, P =0.339, 9’ =
®3 EHEREE NN T EDER

0.015) % (F=0.246, P=0.782, 7. = 0.003) ,
(F=3.514,P=0.052,7’=0.035) 55 i 27 1
P AVENTE

B i 758 B X R R ( F = 15. 204, P<0. 001, =
0.255) M (F=4.393,P<0.05,72=0.056) Bk (F=
17.763,P<0.001,m> = 0. 392 ) 37151 278 1 2%
N7 535 B 309 JRAK = B2 i B AR5 B ( P<0. 001,
Cohen’ s d =0.506) . Bt ( P<0.001, Cohen’ s d =
0. 896) I3 T Sl i 3 KT 15% MRS 5 i, B kK
459 JRA e B 1) A B JBE (P<0. 001, Cohen” s d =
0.346) #i(P=0.011,Cohen’s d=1.067) X575 5
VI FBL i KT 30% B R

Tab.3 Range of motion of bilateral lower limb joints during obstacle crossing HANEL(°)
Sty E[RYmali PR
15% JiE 30% 45% Ji K 15% iR 30% iR 45% iR K

Je R Sy 113. 12+16. 99 121.18+12.98 124.33+15.98 113.51+12.01 118.90+10. 36 124.69+11. 07
S RS 61.41+6.73 62.42+6. 83 63.49+9. 52 60. 339. 87 60.98+13. 55 63.29+9. 17
S TR R S 48.90+9. 32 57.98+11.26 56.92+12. 14 49.34+9.34 61.04=10. 81 63.70+10. 78
TR R O 105. 57£10. 53 111.52£11.06 113. 64+10. 88 114.36+15. 68 108. 66+8. 88 118.38+16. 47
TR A Gy 88.99+9. 79 93.44+11.03 97.25+12.33 61.57+6.91 94. 67+9. 66 95.75+11.76
HIRRER Gy 56.71£9. 90 8.90+2.93 7.97+3.03 5.43£2.56 6.05+2. 63 5.64£2.09

3 iR BREf B R AR 25 5, A AR DL 35 R i) 22 990 1

3.1 FEBREEARSERSHERINSE

REMRE

ShAS R S W7 O 2557 Ml T B R B0 7 T IS
AT 1) 1R R 32 AR AS i, D RS A Rk DN BE RS
IR A %) 1 AR, R fR KU KT R
7, AAEDL SR 5 B R < 309 1 B AR B A 15 A
J7 ) B AT B 15% BRAS & B e s b, B4R
PR3 R 5 HE A 3558 19 L ) S X BR M AE 15% ~
20% " ARKFERE b BB A UE P2 A R KRR 1)
DIfe M, AE AR B BB 56 7 S0 8 LA L
(AL i A B > , 8 G T R RIS, S B0 7 B R
S D 6 7, 5 R X D A v R R
iR R, X RS St AR, BN
BROCTH A LA B 55 06 4 i offy | PRIE L A R I i
JE A RS A T R 717 AR SCOR B 8 AR A A
PR S5 sk 5 o 15 0 R S T B3 T ) R O
5 RO T I B 3 1R I e A v 8 4 T 3
K AR AR A B e s A, 43 30% AT 15% fiR K

25 TR 0 AR O 3R s B, S 7
SR A REA R BE AR, AENLT RGN I B
FEIAS R AOTE B | B A5 Bl A B8 1w i iz 3l A KU
BAR o B AR R TR 500 2 315 7 Jim TR B 3 Y 5
Wi o AR T o A e R 2 R I
[ A% By 00 , BRI J5T O -5 5 S o ) T I 2
W iR OT AR BRI, X5 SR 55~83 ¥
AR N BRI T — B0, SR S S A S
1) 21125 R B A 1 T /020 3 e SR 11 &
b B 0 sl K A T B AR Oy BAL, A TS
AR PR SR IS T ol 5 S 2 3, 7 R B I ) S 4 T
AT REGR R B Al R, AR R AR
AR 125 o i I o R g A T 4 A XL
R,
3.2 FABREBEMMNESESEREERE
AARDIE S5 A o Ay o 25, i i iy J 2 Bk 1)
BREECAC MR A A R I B Y M T, TR 6] B
T RS BT, B A% 1] T ABTARE 4 7 2 39 0, mT B W 2
XTSRRI BA SR, eAb, S R A2 Rk



EREMNE $£39% F£5H 20245108

944 Journal of Medical Biomechanics, Vol. 39

No. 5, Oct. 2024

() B4 I, o B I A 17 PR O 8 i A B o, i 4 2R
X5 Z AT B0 TR A AR A S R A S
A2 S T 5 0 D A A R 5 i 5K B R TS
JhR 5 A AR B 0 e B A Co B B R R
B TR, WR & e A gy, T 23R
HPRIAE O PRI o P AR A A R 5 A R A e, AN
B e B Q] 7 FRE RS 1 B A XU, 220 R T A A fhR
P
3.3 [ERS S hn e Ja R 4 2 B 9 XUBS 35 K

AR AR B 5 R B ) A2 ik TA] BN T
DU RS, B AT = I N, J5 R 2 7 )
B TR B /0 156 2 A AW [l )5 i e 5 e 1) B2
T, KR S Z AR 4 e — 30 X RS
ZAENT BRI S 157K FREA E, AR
B WA g B Y TRt J IR | L BROCT  3 BhiiE
ISR i [R]IE, SEAF A5 5C55 S T 4 L BR
ST B 0 SR R L R R A iR
BRI B LA A 4 R | 5713 3l FL 75 5K
SEATEN G REE AR, 5 B S
b B A 2 A AT RE PR I, e Ah, 5 Kulkarni
SRS AE AL AR SCR B, AR A 5 B R s
TR T S R S ) B 2 | 7 e o i 4 A B
YrsET , n] 68 PR Ay I B B o B 1S, S A N5
A TR AL 3, W B 5 B i A DG 45 2 ARG 5
THEsh RS, IR Z < d A5 w7 5 i 25 K s
D ARV AR A, {HL PR T B BR A A A
B BT UL B ER KP4 B0 i ) 2 B )
P& Tt MR S 45 B g 0 B 00T, AT R TG Tk DR IR
WEAR | R4 B SR R R

4 BB

AT DL SR 85 8, 28 4F A AR DL i
BB A T D) I i 77 ) B MR AR A PR 2, kA
DRI B 5 75 B AN [ g JBE e BT I P A e 1 2
R B DRSS TR

FIFPRER: L,

EETTRR A A A R 0 Jr 55 B 554k B3 AT
Fo ik B i I TR B Ir RO R e 28 58 S B
A I SR IO A LA AR i IS

S Xk

[ 1] X AFhEA D SRR REH[J]. ZRF-0F

[10]

[11]

[12]

[13]

[14]

3%, 2021, 9(12): 1-16.

PIERUCCINI-FARIA F, MONTERO-ODASSO M. Obstacle
negotiation, gait variability, and risk of falling. Results from
the “gait and brain study” [J]. J Gerontol Ser A, 2018,
74(9) : 1422-1428.

A, SRPOR, SUFAR, AF. AN BRAB] RURS: 2 4R B
THRTE R R I RRAE[J]. BE A h %, 2022, 37(4) .
741-747.

MENG ZL, ZHANG QL, YUAN LW, et al
pressure characteristics of the elderly with different fall risks

Plantar

before and after obstacle crossing [ J]. J Med Biomech,
2022, 37(4); 741-747.

PERRY MC, CARVILLE SF, SMITH IC, et al. Strength,
power output and symmetry of leg muscles. Effect of age
and history of falling [ J]. Eur J Appl Physiol, 2007, 100
(5): 553-561.

TRIRER , PRV, EHEEE, S BEBUKF R 2 S R
fE[J]. PEBEEHIESEE, 2021, 27(7) : 745-749.
ORCIOLI-SILVA D, BARBIERI FA, DOS SANTOS PCR,
et al. Double obstacles increase gait asymmetry during
obstacle crossing in people with Parkinson’ s disease and
healthy older adults; A pilot study [J]. Sci Rep, 2020, 10
(1) 2272.

GUADAGNIN EC, BARBIERI FA, SIMIELI L, et al. Is
muscular and functional performance related to gait
symmetry in older adults? A systematic review [ J]. Arch
Gerontol Geriatr, 2019(84) : 103899.

ZHAO C, LI KW, LU J, et al. Risk of tripping, minimum
foot clearance, and step length when crossing a barrier
[J]. Int J Ind Ergon, 2021(83);: 103138.

HESE, SN, SO, 5. AR S IEE SN AR AT
BEph R A S RSB RUEEMEm [ J]. PEIB RS
Zeii, 2023, 42(3) : 184-190.

OZKAYA G, JUNG HR, JEONG IS, et al. Three-
dimensional motion capture data during repetitive overarm
throwing practice [ J]. Sci Data, 2018, 5(1): 180272.
GALNA B, LORD S, ROCHESTER L. Is gait variability
reliable in older adults and Parkinson’ s disease? Towards
an optimal testing protocol [ J]. Gait Posture, 2013, 37
(4) . 580-585.

CRENNA F, ROSSI GB, BERARDENGO M. Filtering
biomechanical signals in movement analysis [ J ].
Sensors, 2021, 21(13) . 4580.

CHEN N, XIAO X, HU H, et al. Identify the alteration of
balance control and risk of falling in stroke survivors during
obstacle crossing based on kinematic analysis [J]. Front
Neurol, 2019(10) ; 813.

HUANG SJ, YU XM, WANG K,

et al. Short-step



B R,% ZEANERRBRSAABERE AR S ERERS R BE R ZE S
YANG Chen, et al. Differences of Fall Risk in Older Adults Crossing Obstacles at Different Heights with
the Dominant or Non-Dominant Leg 945

[15]

[16]

[18]

[19]

[20]

[21]

adjustment and proximal compensatory strategies adopted
by stroke survivors with knee extensor spasticity for obstacle
crossing [J]. Front Bioeng Biotechnol, 2020(8) : 939.
HAK L, HOUDIJK H, BEEK PJ, et al. Steps to take to
enhance gait stability: The effect of stride frequency, stride
length, and walking speed on local dynamic stability and
margins of stability [ J]. PLoS One, 2013, 8 (12):.
e82842.

MCFADYEN BJ PRINCE F.

accommodation of surface height changes by healthy,

s Avoidance and
community-dwelling, young, and elderly men [J]. J
Gerontol A Biol Sci Med Sci, 2002, 57(4) ; B166-174.
CHIACCHIERO M, DRESELY B, SILVA U, et al. The
relationship between range of movement, flexibility, and
balance in the elderly [ J]. Top Geriatr Rehabil, 2010, 26
(2): 148-155.

MACEDO LG, MAGEE DJ. Differences in range of motion
between dominant and nondominant sides of upper and
lower extremities [ J]. J Manipulative Physiol Ther, 2008,
31(8) : 577-582.

HUANG SC, LU TW, CHEN HL, et al. Age and height
effects on the center of mass and center of pressure
inclination angles during obstacle-crossing [ J]. Med Eng
Phys, 2008, 30(8) : 968-975.

HAK L, HETTINGA FJ, DUFFY KR, et al. The concept of
margins of stability can be used to better understand a
change in obstacle crossing strategy with an increase in
age [J]. J Biomech, 2019(84) . 147-152.

KARAMANIDIS K, EPRO G, MCCRUM C, et al.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Improving trip- and slip-resisting skills in older people:
Perturbation dose matters [ J].
2020, 48(1) : 40-47.

REN X, LUTTER C, KEBBACH M, et al. Lower extremity
joint compensatory effects during the first recovery step

Exerc Sport Sci Rev,

following slipping and stumbling perturbations in young and
older subjects [ J]. BMC Geriatrics, 2022, 22(1) : 656.
LU TW, CHEN HL, CHEN SC. Comparisons of the lower
limb kinematics between young and older adults when
crossing obstacles of different heights [ J]. Gait Posture,
2006, 23(4) . 471-479.

CHOU LS, DRAGANICH LF. Placing the trailing foot
closer to an obstacle reduces flexion of the hip, knee, and
ankle to increase the risk of tripping [ J]. J Biomech,
1998, 31(8): 685-691.

ANDERSON DE, MADIGAN ML. Healthy older adults
have insufficient hip range of motion and plantar flexor
strength to walk [J].
J Biomech, 2014, 47(5) : 1104-1109.

KULKARNI A, CHO H, RIETDYK S, et al. Step length
synergy is weaker in older adults during obstacle crossing
[J]. J Biomech, 2021(118);: 110311.

DI FABIO RP, GREANY JF, ZAMPIERI C. Saccade-
stepping interactions revise the motor plan for obstacle
avoidance [J]. J Mot Behav, 2003, 35(4) . 383-397.
MUIR BC, HADDAD JM, HEIJNEN MJ, et al. Proactive
gait strategies to mitigate risk of obstacle contact are more

like healthy young adults

prevalent with advancing age [ J]. Gait Posture, 2015, 41
(1) 233-239.



